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The scientific study of how discrimination harms health requires theoretically grounded methods. At issue is how discrimination, asone form of societal injustice, becomes embodied inequality and is manifested as health inequities.
As clarified by ecosocial theory, methods must address the lived realities of discrimination as an exploitative and oppressive societal phenomenon operating at multiple levels and involving myriad pathways across both the life course and historical generations.
An integrated embodied research approach hence must consider (1) the structural level-past and present de jure and de facto discrimination; (2) the individual level-issuesofdomains,nativity, and use of both explicit and implicit discrimination measures; and (3) how current research methods likely underestimate the impact of racism on health. ( same year the Institute of Medicine published its first major report on racial discrimination in health care. 6 Since then, studies on discrimination and health have burgeoned, with new evidence prompting new controversies about both concepts and methods, singly and combined. 7---14 Amidst all the debate and new findings, one point stands out: the scientific study of how discrimination harms health requires theoretically grounded methods. In this article, I accordingly discuss key conceptual issues relevant to research on racism and health and their methodological implications for testing hypotheses about how racial discrimination, as one form of societal injustice, becomes embodied inequality 7, 15---20 -and hence manifested as health inequities. Although my focus is on racial discrimination and health in the United States, the concerns raised are pertinent for any type of discrimination in any country context.
METHODS REQUIRE THEORY AND CONTEXT
Because choice of methods depends on the hypotheses being tested, which in turn depend on the theoretical frameworks employed, rigorous scientific research requires transparency about both theories and methods. 17, 21, 22 The theory I draw on is the ecosocial theory of disease distribution, 15---17,22 which concerns who and what drive social inequalities in health. The box on the following page shows the theory's key constructs and core propositions. A central focus is on how we literally biologically embody exposures arising from our societal and ecological context, thereby producing population rates and distributions of health. At issue are socially patterned exposure-induced pathogenic pathways, mediated by physiology, behavior, and gene expression, that affect the development, growth, regulation, and death of our body's biological systems, organs, and cells, culminating in disease, disability, and death. The contrast is to frameworks that treat causes of disease-and of group differences in biological characteristics and disease rates-as primarily innate, as has often been argued for racial/ ethnic disparities in health.
2---4, 17---19
Consider, for example, the past 2 centuries' within-and across-generation social inequalities in US infant mortality rates: the most plausible explanation is that they constitute the biological expression-hence embodiment-of changing exogenous conditions.
1---4,7, 15---19
Ecosocial theory accordingly requires explicit consideration of pathways of embodiment in relation to types and levels of exposure, the period and spatial expanse involved (i.e., spatiotemporal scale), and historical context, along with phenomena that affect susceptibility and resistance to exposure, ranging from micro (e.g., role of the gut microbiome in innate immunity) to macro (e.g., social organizing to challenge health inequities). Also germane are issues of accountability (causal responsibility for) and agency (the power and ability to act) at every level, because they pertain to not only the magnitude of health inequities but also how they are monitored, analyzed, and addressed. As with any theory, the point is to frame and guide analysis of the phenomena of interest-in this case, population distributions of health, disease, disability, and well-beingand, as with any reflexive science, to generate knowledge relevant to altering the phenomena under study, in this case, the existence of health inequities.
17 Figure 1 illustrates the components of an ecosocial analysis of racism and health. 7, 17, 18 The point is not that every study can or should attempt to measure every specified pathway at every level and at all relevant spatiotemporal scales-which obviously is impossible to do-but rather that systematic theorizing about what is or is not measured, and how, can aid interpretation of study findings.
15---17
To guide both the research questions posed and the methods used, ecosocial theory posits that inequitable race relations simultaneously-and not sequentially-(1) benefit the groups who claim racial superiority at the expense of those whom they deem intrinsically inferior, (2) racialize biology to produce and justify the very categories used to demarcate racial/ ethnic groups, and (3) generate inequitable living and working conditions that, via embodiment, result in the biological expression of racism-and hence racial/ethnic health inequities. 7, 17, 18, 22 A corollary is that there are many pathways, not just 1, by which discrimination harms health. As shown in Figure 1 , major pathways involve economic and social deprivation; excess exposure to toxins, hazards, and pathogens; social trauma; health-harming responses to discrimination; targeted marketing of harmful commodities; inadequate medical care; and, especially (but not only) for indigenous peoples, ecosystem degradation and alienation from the land. 7, 17, 18 Moreover, as emphasized by ecosocial theory's simultaneous focus on exposure, susceptibility, and resistance, how people resist injustice and its health-harming effects, individually and collectively, and the resilience that enables them to do so also must be examined. 4. Accountability and agency: both for social disparities in health and research to explain these inequities.
Core propositions a 1. People literally embody, biologically, their lived experience, in societal and ecologic context, thereby creating population patterns of health and disease.
2. Societies' epidemiological profiles are shaped by the ways of living afforded by their current and changing societal arrangements of power, property, and the production and reproduction of both social and biological life, involving people, other species, and the biophysical world in which we live.
3. Determinants of current and changing societal patterns of disease distribution, including health inequities, are (a) exogenous to people's bodies, and (b) manifest at different levels and involve different spatiotemporal scales, with macro-level phenomena are more likely to drive and constrain meso-and microlevel phenomena than vice versa; to the extent genes are relevant to societal distributions of disease, at issue is gene expression, not gene frequency. 4. In societies exhibiting social divisions based on property and power, and in which those with the most power and resources constitute a small percentage of the population, the more prevalent the health outcome, the greater the absolute burden (and potentially the relative burden) on those with less power and fewer resources, because they constitute the majority of the population; a corollary is that for more rare or infrequent (nonendemic) diseases, it cannot be presumed, in advance, whether social inequalities in the outcome exist, and, if they do, the direction of the gradient.
5. Explanations of disease distribution cannot be reduced solely to explanations of disease mechanisms, because the latter do not account for why rates and patterns change, in complex ways, over time and place.
6. Practice of a reflexive epidemiology that situates in broader societal context an investigation's motivating theories, hypotheses, methods of analysis, and interpretation of findings will improve the likelihood of epidemiologists being better positioned to understand and convey the meanings and limitation of our study results and explanations for population patterns of health, disease, and well-being.
Source. Krieger.
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a All processes involved are conditional on extant political economy and political ecology of the societies in which the embodied populations patterns of health, disease, and well-being are manifested.
the impact of racial discrimination on health.
METHODOLOGICAL CHALLENGES FOR ANALYZING STRUCTURAL DETERMINANTS
A major challenge is to develop rigorous methods to study the health impact of structural determinants of racial inequality, including laws; institutional policies and practices; national, regional, state, and local economic and political infrastructures; and neighborhood and workplace conditions. 4,7,27,28,31---35 At issue is the substantive content of variables deployed and not simply whether multilevel, life course, or birth cohort methods are used. 36, 37 State-sanctioned discrimination, past and present, is of particular concern. Not surprisingly, because the federal government abolished legal (i.e., de jure) racial discrimination in the mid-1960s, 38 most contemporary US research on institutional racism and health primarily focuses on present day de facto discriminatory policies and practices, chiefly in relation to (1) health care systems 6, 11 and (2) residential, educational, and (to a lesser extent) occupational segregation. 8, 12,31---35 An important gap in current research, however, rendered visible by ecosocial theory's emphasis on accountability and agency, concerns the racialized health consequences of contemporary legal discrimination. Underscoring this point is nascent work on the myriad consequences of the legally color-blind, albeit racially motivated, US War on Drugs and its role in producing or exacerbating health-debilitating racial/ethnic inequalities. 39---44 As Alexander explains, President Ronald Reagan officially declared the current drug war in 1982, when drug crime was declining, not rising. From the outset, the war had little to do with drug crime and nearly everything to do with racial politics. The drug war was part of a grand and highly successful Republican Party strategy of using racially coded political appeals on issues of crime and welfare to attract poor and working class white voters who were resentful of, and threatened by, desegregation, busing, and affirmative action. In the words of H. R. Haldeman, President Richard Nixon's White House Chief of Staff: "[T]he whole problem is really the blacks. The key is to devise a system that recognizes this while not appearing to." 45(pp43,44) Consequently, despite substantial evidence that rates of illicit drug use are similar across all US racial/ethnic groups, 25 (Table 63),39 permitted discretionary judgment has resulted in stark racial/ethnic inequities in arrests, convictions, and sentencing-followed by legal discrimination against ex-felons, who not only are denied the right to vote and serve on juries but also confront legal prohibitions limiting access to such well-known determinants of health as employment, housing, education, and public benefits. 39, 40, 43, 44 The exclusion of prisoners from most health studies, with their typical focus on the noninstitutionalized civilian population, in turn means that most research findings likely underestimate the extent of-and contribution of racial discrimination to-racial/ethnic health inequities.
43
Nor is history dead within us. As ecosocial theory clarifies, measuring only contemporary exposure is likely to dilute estimates of the impact of racial discrimination on health. 17 Second, suggesting enduring effects, the data presented in Figure 2 show the far greater-and continued-salience of Jim Crow status for mortality among US populations of color as compared with the US White population. A parallel argument regarding the continuing relevance of past as well as current injustice to contemporary racial/ethnic health inequities appears in the literature on Indigenous people's health, concerning the ongoing somatic and mental health consequences of historical trauma.
20,54,55

METHODOLOGICAL CHALLENGES INVOLVING INDIVIDUALS, LEVELS, AND SPATIOTEMPORAL SCALE
Study of structural determinants is essential for analyzing how racism harms health, but research is also needed on how individuals embody these determinants. A starting point is to remember that individual-level data are more than simply individualprecisely because no one is an individual one day and a member of a population another. Each person is both, simultaneously. 17 At Individual Explicit (Self-Report) Data Domains matter. Two distinct types of instruments appear in the literature on racial discrimination and health: (1) explicit measures of exposure to diverse domains, and (2) measures that emphasize psychosocial aspects of interpersonal interactions with less or no information about where the interactions occurred.
7---14 Widely used examples of the former are (1) the Experiences of Discrimination (EOD) scale, which asks about discrimination in 9 domains ("at school"; "getting hired or getting a job"; "at work"; "getting housing"; "getting medical care"; "getting service in a store or restaurant"; "getting credit, bank loans, or a mortgage"; "on the street or in a public setting"; and "from the police or in the courts") and also about people's responses to unfair treatment, 57, 58 and (2) the major discrimination component of the Everyday Discrimination Scale (EDS), which specifies 6 domains (work, police, education, housing, bank, receipt of services) among its 9 items. 59 Also part of the EDS is a measure of "day-to-day unfair treatment," 59 which focuses on various types of unfair treatment, with the 2 domains mentioned (in the 10 items) pertaining to stores and restaurants. Currently, a growing number of researchers are using this latter EDS measure, regarding day-today unfair treatment, on its own, rather than in conjunction with the domain-oriented major discrimination EDS subscale. 60---67 Yet, from both a data quality and also a prevention and policy perspective, asking about the multiple domains in which discrimination occurs is critical-as a key complement to, not replacement for, questions that focus on psychosocial aspects of the exposure. In part, this is because specification of domains is important for cognitively grounding the question and response 31 and because critical theoretically informed review of such lists can reveal gaps and hence potential new domains for inclusion (e.g., racial discrimination in cyberspace 68 ). Beyond any psychometric considerations, however, are key points pertaining to agency and accountability: the occurrence of discrimination in diverse domains, such as discrimination at work, in housing, and in education, is legally actionable, 7, 31, 49 and knowing where discrimination occurs, as opposed to treating it only as a free-floating psychosocial stressor, is relevant to ending it. Nativity matters. Nativity is important not only because of growing anti-immigrant discrimination, 49, 69 but also because if, indeed, "race" is a social construct-a premise informing much of the research on racial discrimination and health 4,7---10, 18, 19 -then it follows that people born and raised outside of the United States have to learn how race is produced here and what US racial discrimination is like. 70---73 d Misleading estimates of the prevalence of exposure, because estimates derived from analyses that lump together the US-born and foreign-born population without regard for nativity can obscure the higher self-reported burden among the US-born population;
d Biased estimates (and most likely underestimates) of the association between racial discrimination and health, whether attributable to confounding (i.e., lack of control for nativity), effect modification (at a given level of exposure, the exposure---outcome association varies by nativity), or both;
d Inaccurate estimates of the population-attributable fraction (which depends on both the frequency of exposure and magnitude of the exposure---outcome association 83 ).
At a time when foreign-born people constitute an ever-higher proportion of most US populations of color, 71 including among Black Americans (upwards of 30% are foreign born in such cities as Boston, New York City, Washington, and Miami 84, 85 ), rigorous research on racial discrimination and health must reckon with issues of nativity. Direct questions about racial discrimination matter. Currently, the 2 main approaches used in explicit self-report measures either (1) ask explicitly about racial discrimination in the stem of the question (as in the EOD measure 57.58 ), versus (2) ask first about unfair treatment, and if any is reported, follow up with a question about attribution, for example, to race/ethnicity or something else (as in the EOD measure 59 ). Source. Jones and Cox.
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As has been noted for at least a decade, 7, 80, 86, 87 these approaches differ significantly. Attesting to differences in these 2 approaches, new empirical data from the 2007 California Health Interview Study unambiguously demonstrate-by employing identically phrased questions and a split-sample design 80, 87 -that self-reports of unfair treatment (without any attribution) are much higher-and demonstrate far less racial/ethnic variationthan self-reports of unfair treatment attributed to race/ethnicity and self-reports in response to a 1-stage question that asks directly about racial discrimination. 80 By implication, unfair treatment (without attribution) would contribute less to explaining racial/ethnic health disparities and would also underestimate the health impact of racial discrimination. Even so, scientific investigations continue to treat findings arrived at through these 2 different methods as directly comparable. 60, 62, 88, 89 The larger issue raised by these findings is whether self-report data are adequate for measuring exposure to racial discrimination.
Individual Implicit Data
One of the newer approaches in the racial discrimination and health literature that seek to minimize well-known cognitive problems affecting self-report data is the Implicit Association Test 90---94 (IAT; Figure 3 ), a methodology initially developed to measure prejudice. Motivating its use in health research is the concern that the people most affected by discrimination may be least able or willing to say so, even as such experiences may nevertheless affect their health. 7, 57 Two lines of empirical evidence support this hypothesis. First, the phenomenon psychologists refer to as the "person---group discrimination discrepancy" reveals that people typically report more discrimination for their group, on average, than for themselves personally-even though it is not possible for all individuals to experience, on average, less discrimination than their group. 93---96 Second, several studies have observed a linear association between discrimination and health among more affluent persons: among groups with fewer resources, risk was higher among respondents who reported no discrimination than among those who reported moderate discrimination, with the highest risk, however, occurring among respondents who reported high exposure (i.e., a J-shaped curve). 97---99 Together, these findings imply that self-reports of racial discrimination among exposed groups may underestimate exposure, especially among those with the least resources, even as this exposure can still adversely affect their health; one consequence would be underestimation of the impact of racial discrimination on health. 7, 18 Tellingly, the first 2 studies to use the IAT to measure racial discrimination have already shown that (1) the implicit measure does not detect the person---group discrimination discrepancy observed with the explicit measure, suggesting that this phenomenon reflects self-presentional bias, and (2) the correlation between implicit and explicit measures is small, implying that they capture different phenomena. 93, 94 The second study also reported 2 notable health-related findings. 94 
EMBODYING EXPOSURE TO MULTIPLE TYPES OF DISCRIMINATION
Further underscoring the need for a more critical and integrated approach to investigating discrimination and health is the eocosocial inverse hazard law, modeled after Hart's famous inverse care law, 100 which posits that "the accumulation of health hazards tends to vary inversely with the power and resources of the populations affected." 101(p1970) At issue is the cumulative embodiment of multiple types of discrimination, deprivation, and other harmful exposures. An empirical demonstration of why such an embodied approach is needed is analysis of data from the United for Health study, which recruited predominantly lowerincome, employed women and men from diverse racial/ethnic groups, both US-born and foreignborn, from the Greater Boston area during 2003 and 2004. 102 Among members of this study, we documented high exposure to (1) socioeconomic deprivation, (2) occupational hazards (i.e.., chemicals, dusts, fumes, and ergonomic strain), (3) social hazards (i.e., racial discrimination, workplace abuse, and sexual harassment at work), and (4) relationship hazards (i.e., intimate partner violence and unsafe sex). 103---106 Despite being union members, one third of the study participants earned less than a living wage (equal to $10.54/hour at the time of the study) and 40% were below the US poverty line, with the Black and Latino workers nearly twice as likely as Whites to be poor. 103 Fully 85% of study members reported at least 1 high exposure to occupational hazards in the past year; nearly half (46%) reported 3 or more high exposures, and 17% reported 5 or more high exposures. Although some variation existed by race/ethnicity and gender, the majority of workers in each racial/ethnic-gender group were highly exposed.
104, 105 Simultaneously, more than 85% of the participants reported exposure to at least 1 of the 3 social hazards; exposure to all 3 reached 20% to 30% among the Black workers, the most highly exposed group. 103 For sexual harassment, an additional social category was relevant: sexuality. Specifically, lesbian, gay, bisexual, and transgender workers reported twice as much sexual harassment as did their heterosexual counterparts. 103 Furthermore, within each racial/ ethnic group, about one third of the men reported having ever been a perpetrator of intimate partner violence, and about one third of the women reported having been a target of such violence. 106 As exemplified by analyses of severe psychological distress, attaining an accurate picture of risk required considering all the social hazards together. Findings revealed that analyses that included data on only 1 type of hazard yielded biased estimates of risk. Moreover, those that included all 3 hazards demonstrated the high toll imposed by racial discrimination, independent of other exposures. 106 
A RIGOROUS SCIENCE OF RESEARCH ON DISCRIMINATION AND HEALTH
In conclusion, as the examples provided in this article show, rigorous methods for the scientific study of discrimination and health require (1) conceptual clarity about the exploitative and oppressive realities of racism and other forms of adverse discrimination; (2) careful attention to domains, pathways, level, and spatiotemporal scale, in historical context; (3) structural-level measures; (4) individual-level measures, albeit without relying solely on self-report data or reducing discrimination to solely a psychosocial exposure; and (5) an embodied analytic approach. After all, we are not one day White or a person of color, another day working class or a professional, still another day a woman or a man or transgendered, on yet another day straight or lesbian, gay, bisexual, or transgender, and yet another an immigrant versus native born. 7, 15---18 We are all of these at once-and our research needs to integrate these conjoint social facts the same ways our bodies do, each and every day. The stakes for getting our science right are high-both scientifically and practically. Use of critical theory---informed methods can help clarify that most extant research is likely to yield conservative, not inflated, estimates of the impact of racial discrimination on health; it can also sharpen the ability to counter fallacious attacks that research on this topic is politically, 107 as opposed to scientifically, correct. 108 Although data by themselves cannot rectify health inequities, the absence of data demonstrating harm nevertheless is itself harmful 17, 31 -as underscored by the time-worn adage "no data, no problem." 109 Our responsibility, as public health researchers, is to use the best science possible-conceptually and methodologically-to build public clarity about the extent and health consequences of racial Source. Carney et al. 93 and Krieger et al.
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FIGURE 3-Implicit Association Test and use for measuring exposure to racial discrimination.
discrimination, as one necessary contribution to the urgent work of promoting health equity. j
